The United States (U.S.) Food and Drug Administration has expressed concern about flavored e-cigarettes (e.g., JUUL brand) because they are appealing to youth who may be unaware that the product is addictive. The Population Assessment of Tobacco and Health Study Wave 3 provided data on flavor categories, type of e-cigarette product, and smoking status among past 30-day youth and adult e-cigarette users in the US. Most past 30-day youth and adult users reported using only one flavor category, with fruit (53% youth, 31% adult) being the most commonly reported category. Adults were far more likely to report using tobacco flavor alone, compared to any other individual flavor category or flavor category combinations (OR: 21.08, 95%CI: 5.92, 75.12). Whereas, youth were more likely to report using multiple flavor categories (OR: 2.03, 95%CI: 1.55, 2.65), with the most reported pairing being fruit and candy (36%). The variety of flavors on the market appeals to consumers of all ages. Although most past 30-day e-cigarette users reported only one flavor category, non-tobacco flavors were far more common among youth. Differences in flavor preferences among adult versus youth vapers may have implications for the role of flavors in both the initiation of youth vaping and adult vaping for smoking cessation.
Introduction
The United States (U.S.) Food and Drug Administration (FDA) was given the authority to regulate all tobacco products, including electronic cigarettes (e-cigarettes), following the passing of the Deeming rule in August 2016 [1] . Per these regulations, the FDA now has the authority to regulate the presence of 'characterizing flavors' in e-cigarettes, as was done with cigarettes through the Family Smoking Prevention and Control Act of 2009 [1] . The wide variety of flavored e-cigarettes is enticing to both new consumers and established cigarette smokers [2] [3] [4] [5] [6] . In 2018, 4.9% of U.S. middle schoolers and 20.8% of U.S. high schoolers used an e-cigarette in the past 30-days [7] , while 2.8% of U.S. adults were current e-cigarette users in 2017 [8] . Former FDA Commissioner Gottlieb characterized e-cigarette use among the youth population as an epidemic [9] . Consumers must be 18 years or older to purchase e-cigarette products in most states, but underage sales are occurring in retailers and online [9] . As a result, the FDA is investigating policies that would allow e-cigarettes to be available and attractive for adults trying to transition from cigarette smoking, but less accessible and appealing to youth and young adult nonsmokers [9] .
Materials and Methods

Study Design and Population
The PATH Study is a nationally representative, longitudinal cohort study of tobacco use and its health effects developed by the National Institutes of Health (NIH) and the FDA [33] . Its sample population aims to represent all of the noninstitutionalized U.S. population, 12 years of age or older. The PATH Study W3 Youth (12-17 years old) and Adult (18+ years old) public-use data files were analyzed. Data were collected between October 19, 2015 and October 23, 2016 . W3 included measures that allowed participants to identify use of specific flavor categories for each product used, including e-cigarettes. There were 28,148 total adult cases and 11,814 total youth cases. Information about the PATH Study design and methods can be found elsewhere [34] .
This study reports W3 cross-sectional estimates from 415 youth (12-17 years) participants and 2123 adult (18 years and older) participants who reported use of an e-cigarette, not exclusive to the use of other electronic nicotine delivery systems (ENDS) or other tobacco products, in the past 30-days. Analyses were done to identify the most prevalent e-liquid flavor categories used individually or in combination with other flavor categories, and the association of the number of flavor categories reported with the type of e-cigarette product used, vaping frequency and smoking status taking into account participant demographics (see Table 1 ). ENDS: electronic nicotine delivery systems.
Nicotine Use Behavior
Participants were asked "In the past 30 days, were/was any of the e-cigarettes/e-cigarette cartridges/e-liquid you used flavored to taste like tobacco, menthol or mint, clove or spice, fruit, chocolate, an alcoholic drink, a nonalcoholic drink, candy, dessert or other sweets, or some other flavor? Choose all that apply." The response options provided flavor categories including tobacco, menthol/mint, clove/spice, fruit, chocolate, an alcoholic drink, a non-alcoholic drink, candy/desserts/other sweets, or some other flavor. Tobacco flavor was of interest because any ban on characterizing flavors probably would not include tobacco flavor. In addition, the number of flavors was of interest because the wide range of flavors that can be 'mixed and matched' are appealing to consumers of all ages.
Participants were also categorized based on the type of e-cigarette product they reported using (e.g., open/refillable versus closed/not refillable). Participants were asked, "Can you refill your e-cigarette with 'e-liquid'?" Furthermore, participants were categorized on vaping frequency (e.g., daily versus non-daily). They were asked, "On how many of the past 30 days did you use an e-cigarette?" If they reported 30 days, then they were considered daily vapers, and if they reported less than 30, then they were considered non-daily vapers.
Cigarette smoking status (e.g., Never, Former, Someday, and Every day) was assessed. Derived variables for smoking status were provided for the adult population. Among the youth population, only an "Ever Smoker" variable, as well as a "Current smoker" variable, was provided. Therefore, if the participant was not marked as an ever smoker, then they were considered a never smoker. If participants were marked as an ever smoker but not marked as a current smoker, then they were considered a former smoker. Someday and every day smoking status was determined if they were marked as a current smoker, and by the following question, "In the past 30 days, on how many days did you smoke cigarettes?" Participants who reported 30 days were considered every day smokers, and participants who reported less than 30 days were considered someday smokers. Finally, participants who currently smoked were asked "In the past 12 months have you tried to quit smoking completely?" as well as "Do you plan to quit smoking for good?"
Statistical Analysis
Prevalence of top flavor combinations, as well as flavors used alone, was assessed among youth and adult past 30-day e-cigarettes users. Analyses were conducted using W3 replicate weights and balanced repeated replication methods with Fay's adjustment of 0.3 in Stata 14 software (2011, StataCorp LLC, College Station, TX, USA). Descriptive statistics and logistic regressions were used to look at the association of the type of ENDS flavor category used and the number of ENDS flavor categories used among past 30-day youth and adult e-cigarette users with demographic and nicotine use behaviors. In addition, the association of past combustible cigarette quit attempts and intentions with the type of ENDS flavor category used and the number of ENDS flavor categories used among past 30-day adult e-cigarette users was assessed. Weighted percentages, adjusted odds ratios (AOR) and 95% confidence intervals (95%CI) are reported. Models were adjusted for gender, race/ethnicity, and type of e-cigarette device used (open versus closed). Models assessing the association of quit attempts and quit intentions were adjusted for covariates listed above, as well as time to first nicotine product of the day.
Results
Demographic Characteristics of Past 30-Day Adult and Youth E-Cigarette Users
The adult and youth vaping populations did not differ in gender or race/ethnicity. However, significant differences between the adult and youth populations were seen in the number of flavor categories reported (p < 0.0001), type of e-cigarette device (p < 0.0001), vaping frequency (p = 0.0002), and smoking status (p < 0.0001; see Table 1 ). Among youth who reported using an e-cigarette on at least one day in the past 30 days, 53.9% were male, 78.5% were Non-Hispanic White, 85.9% used an open, refillable e-cigarette, 93.2% were non-daily vapers, and 38.3% were never cigarette smokers (see Table 1 ). Among adult past 30-day e-cigarette users, 55.2% were male, 79.7% were non-Hispanic White, 76.7% reported using an open, refillable e-cigarette device, 97.1% were non-daily vapers, and 30.7% were former cigarette smokers (see Table 1 ).
Flavor Category Preferences of Past 30-Day Adult and Youth E-Cigarette Users
Among the 226 youth participants (51.6%) who reported using only one flavor category, the top three flavor categories reported included fruit (52.8%), candy/desserts/other sweets (24.4%), and menthol/mint (10.8%; see Table 2 ). Nearly half (45.5%) of youth participants reported two or more flavor categories. Fruit flavor was in nine out of the top 10 flavor combinations while candy/desserts/other sweets appeared in seven out of the top 10 flavor combinations. Clove/spice was the least popular individually reported flavor category (0.8%) and did not appear in any of the top 10 flavor combinations (see Table 2 ).
There were 1809 adult participants (66.6%) who reported using only one flavor category. The top three flavor categories included fruit (30.8%), tobacco (24.5%), and candy/desserts/other sweets (18.2%; see Table 2 ). There were 944 adult participants (32.1%) who reported two or more flavor categories. Similar to the youth population, fruit flavor was the most common flavor category to be reported alone and with another flavor(s), while clove/spice was the least popular individually reported flavor category and did not appear in any of the top 10 flavor combinations. In addition, the alcoholic drink flavor category did not appear in the top 10 flavor combinations (see Table 2 ). Table 3 ). In addition, after the adjustment for age group, gender, race/ethnicity, and ENDS device, current vapers who were never smokers were more likely to report a non-tobacco flavor category or some flavor combination versus a tobacco flavor alone in comparison to current smokers (AOR: 40.1, 95%CI: 2.76, 581.5). However, there were few never smokers who reported using tobacco flavor alone, making this point estimate unstable. 
Association of Demographic and Nicotine Use Behavior Characteristics with the Number of Flavor Categories Among Past 30-Day Adult and Youth E-Cigarette Users
The youth population was more likely to report using two or more flavors compared to the adult population (AOR: 2.03, 95%CI: 1.55, 2.65). In contrast, past 30-day vapers who were Non-Hispanic Black were less likely to report two or more flavors compared to those identifying as Non-Hispanic White (AOR: 0.67 95%CI: 0.48, 0.92). Finally, those who used an open, refillable device were more likely to report two or more flavors compared to those using a closed, non-refillable device (AOR: 3.29, 95%CI: 2.39, 4.53; see Figure 1 ). 
Association of Demographic Characteristics and Ever Smoking Status with the Type of Flavor Category Among Past 30-Day Adult E-Cigarette Users
The association of demographic characteristics and ever smoking status with type of flavor category was assessed for the adult population only, due to sample size for the youth population. Adult past 30-day adult e-cigarette users who were older than 18 to 24 years of age were less likely to report using a non-tobacco flavor category or some flavor combination versus tobacco alone (25-34 years: AOR: 0.37, 95%CI: 0.19, 0.71; 35-54 years: AOR: 0.13, 95%CI: 0.08, 0.23; 55 years and older: AOR: 0.08, 95%CI: 0.05, 0.14), after adjustment, relative to the 18-24 group. In contrast, after adjustment, females (AOR: 1.75, 95%CI: 1.29, 2.36) and Non-Hispanic Blacks (AOR: 2.65, 95%CI: 1.37, 5.12) were more likely to report using a non-tobacco flavor category or some flavor combination versus tobacco alone. Similar to the above analysis, consumers who reported using an open, refillable ENDS device were more likely to report using a non-tobacco flavor category or some flavor combination versus tobacco alone (AOR: 5.31, 95%CI: 3.84, 7.34), after adjustment. Finally, among the past 30-day adult e-cigarette users who were ever smokers, those who were former smokers were about one and a half times more likely (95%CI: 1.00, 2.12) to report using a non-tobacco flavor category or some flavor combination versus tobacco alone compared to current smokers, after adjustment, though this association was of borderline significance (see Table 4 ). 
The association of demographic characteristics and ever smoking status with type of flavor category was assessed for the adult population only, due to sample size for the youth population. Adult past 30-day adult e-cigarette users who were older than 18 to 24 years of age were less likely to report using a non-tobacco flavor category or some flavor combination versus tobacco alone (25-34 years: AOR: 0.37, 95%CI: 0.19, 0.71; 35-54 years: AOR: 0.13, 95%CI: 0.08, 0.23; 55 years and older: AOR: 0.08, 95%CI: 0.05, 0.14), after adjustment, relative to the 18-24 group. In contrast, after adjustment, females (AOR: 1.75, 95%CI: 1.29, 2.36) and Non-Hispanic Blacks (AOR: 2.65, 95%CI: 1.37, 5.12) were more likely to report using a non-tobacco flavor category or some flavor combination versus tobacco alone. Similar to the above analysis, consumers who reported using an open, refillable ENDS device were more likely to report using a non-tobacco flavor category or some flavor combination versus tobacco alone (AOR: 5.31, 95%CI: 3.84, 7.34), after adjustment. Finally, among the past 30-day adult e-cigarette users who were ever smokers, those who were former smokers were about one and a half times more likely (95%CI: 1.00, 2.12) to report using a non-tobacco flavor category or some flavor combination versus tobacco alone compared to current smokers, after adjustment, though this association was of borderline significance (see Table 4 ). For adults who were past 30-day users of e-cigarettes and current smokers (dual users), there was no association between type of ENDS flavor category or flavor combination versus tobacco flavor alone and a cigarette quit attempt in the past 12 months (AOR: 1.41, 95%CI: 0.97, 2.05). Conversely, dual users who reported using two or more flavors were more likely to have made a cigarette quit attempt in the past 12 months compared to those who reported using only one ENDS flavor (AOR: 1.49, 95%CI: 1.09, 2.06). Finally, there was no association between type of flavor category (AOR: 1.36, 95%CI: 0.83, 2.22) or number of flavor categories reported (AOR: 1.07, 95%CI: 0.72, 1.60) and cigarette smoking quit intentions among adult past 30-day dual users.
Discussion
Findings from the PATH Study W3, a nationally representative, longitudinal cohort study in the U.S., indicate that past 30-day youth vapers are substantially more likely than adults to be using a non-tobacco flavor vape. In addition, youth are significantly more likely to use more than one flavor, and to use combinations that do not involve tobacco. Fruit flavor was commonly used, alone and in combination with other flavor categories, among both youth and adult populations. However, the preference for tobacco flavor was more common among the adult population. Finally, an open, refillable system appears to be associated with the use of a greater variety of flavors. Previously, Schneller, et al. [32] identified that fruit flavor was the most common flavor category reported alone and in combination among past 30-day youth vapers followed by candy/other sweets using the PATH Study Wave 2 (W2; -2015 . The analyses presented in this paper using the next wave of PATH data (2015-2016) showed similar results, but with slightly fewer youth reporting fruit alone (55% in W2 and 53% in W3) and slightly more reporting candy/other sweets alone (21% in W2 and 24% in W3). However, differences were seen in the individual flavor preference among adults: at W2, menthol/mint was the most common flavor reported alone followed by fruit, while at W3, most adults reported fruit followed by tobacco flavor, and menthol/mint was the fourth most common flavor reported alone. This difference may partially be due to the change in the PATH Study questionnaire. At W2, tobacco flavor was not listed as a choice, but was added at W3 along with non-alcoholic beverage. Many similar flavor combinations appeared among the youth and adult populations with slight differences in prevalence, but this could also be a result of the additional flavor options at W3.
A similar study was conducted by Sonjei et al. [35] using PATH W2 data. Sonjei et al. [35] also identified that fruit and candy flavored e-cigarettes were most common among youth and young adults, while tobacco flavored e-cigarettes were most common among older adult e-cigarette users. In addition, never smokers were less likely to use a tobacco flavored e-cigarette. Finally, Sonjei et al. [35] found that youth and young adults were more likely to report using two or more flavors. However, one difference to note between the study by Sonjei et al. [35] , the study by Schneller, et al. [32] , and this current study is that Sonjei et al. [35] assessed three age groups, adolescents, young adults, and older adults, while the other two studies only assessed two, youth and adults.
The current study found that past 30-day vapers who were former smokers were more likely to report non-tobacco flavors compared to current smokers. In addition, vapers who reported two or more flavor categories were more likely to have made a quit attempt in the past 12 months, while flavor (tobacco alone versus non-tobacco or flavor combination) and number of flavor categories reported did not seem to be associated with quit intent. E-cigarettes may be used by established cigarette smokers as a cessation tool in part because of appealing flavors [5] . Former smokers who have completely switched to an e-cigarette are more likely to have transitioned from a tobacco flavored product to a non-tobacco flavored product overtime [36] . Therefore, the banning of characterizing flavors may prevent youth initiation, but this may also deter smokers from quitting with the help of a flavored e-cigarette product [37] .
Although the PATH study has strong external validity, internal validity, and retention rates, there are some limitations to note. First, although PATH has a large overall sample size, our statistical power to assess associations among past 30-day youth and adult e-cigarette users was limited. Second, the flavor category data are reported based on a "check all that apply" list. Therefore, we cannot distinguish if multiple flavor categories are used together or individually. Third, the flavor list provided to participants is of flavor categories, which does not allow us to look at the use of multiple individual flavors that might fall under the same category. Fourth, we cannot identify the chemical additives used to create the flavors listed, as various chemical additives could be used to create a single flavor profile and may differ between brands. Finally, we did not assess the presence of nicotine in the e-cigarettes, which should be done in the future. Nicotine levels could provide public health implications as some adult smokers use e-cigarettes as a cessation tool [5] , while many youth are misinformed and unaware of the nicotine concentration of e-cigarettes [36] .
Conclusions
These findings build upon previous research [11, [25] [26] [27] , and reinforce the FDA concerns about the role of flavors in youth vaping appeal, as many youth are unaware of the addictiveness of e-cigarettes [36] . The addition of flavorings to a variety of tobacco products have been shown to reduce the harshness of the nicotine taste and promotes continued use [18] [19] [20] [21] [22] [23] . Previous research has shown that sweet flavors such as fruit or dessert are more satisfying and act as a positive reinforcer among the young adult population (18-30 years) [26] . With a multitude of flavors and flavor combinations available on the market, consumers of all ages have many options that enable them to tailor their choices to their individual preferences and thus may encourage initial and continued use. Although most past 30-day e-cigarette users reported using only one flavor category, non-tobacco flavors are far more common among youth than adults. Results from this study identified differences in flavor preferences among adult versus youth vapers that may imply roles for flavors in both the initiation of youth vaping and in adult vaping, including for smoking cessation. 
